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Summary  of  work  done  under  contract  N000  14-89-J-1849  (R&T  Code  413u001) 
during  contract  period  May  1,  1989  to  May  31,  1992. 

(See  summaries  from  End-of-Year  Reports  dated  September,  1989,  May,  1990,  May 
1991,  May  1992  -  partially  reproduced  below). 


Fro®  1989  End  of  Year  Report 


The  work  on  the  synthesis  of  metal  oxide  and  sulfide  thin  films  was  started. 
This  program  centered  around  the  development  of  new  methods  for  the 
preparation  and  characterization  of  oxide  and  sulfide  thin  films,  as  well  as 
the  investigation  of  materials  which  transmit  in  the  far  infrared.  An  effort 
was  also  started  on  the  preparation  of  diamond  films  because  of  its  potential 
as  a  material  for  infrared  transmission.  All  of  the  materials  prepared  were 
characterized  as  to  their  electronic  and  optical  properties,  stability  toward 
decomposition  and  hardness.  Several  special  transparent  gold  furnaces  were 
designed  and  built  so  the  entire  growth  process  could  be  seen. 


During  this  year  we  used  the  novel  spray  pyrolysis  technique  developed  in  this 
lab  to  prepare  metal  oxide  and  metal  sulfide  thin  films.  An  aqueous  solution 
of  the  metal  was  sprayed  onto  a  substrate  and  by  proper  choice  of  the  complex 
of  metal  ion,  sufficient  volatilization  took  place  so  that  the  resulting  oxide 
deposited  as  a  uniform  homogeneous  film.  The  decomposition  took  place  in  air 
or  oxygen.  By  this  method  CuO,  ZnO  and  Al^Oj  films  were  grown.  Conversion  of 
ZnO  to  ZnS  took  place  by  heating  the  ZnO  films  in  I^S. 


From  1990  End  of  Year  Report 


It  was  shown  that  the  substitution  of  iron,  cobalt  and  nickel  for  zinc 
significantly  increased  the  hardness  of  both  ZnS  and  ZnSe.  Furthermore  the 
thermal  stability  of  the  II-VI  compounds  was  not  reduced  by  the  substitution 
for  zinc  by  these  transition  metals. 


An  inexpensive  tungsten  hot  filament  reactor  was  designed,  built  (at  a  cost  of 
under  $5,000)  and  produced  diamond  films  on  a  variety  of  substrates  (Si,  Cu, 
Au,  Mi)  comparable  in  quality  to  those  formed  with  more  expensive  reactors. 


From  1991  End  of  Year  Report 

Work  on  the  growth  of  diamond  thin  films  continued  and  films  were  produced  on 
silicon,  copper  and  gold  substrates.  It  was  observed  that  whereas  diamond  can 
be  readily  nucleated  on  all  three  substrates,  the  nucleation  density  is 
greatly  enhanced  by  prescratching  with  0.25  micron  diamond  paste.  Deposited 
diamond  films  adhered  to  the  silicon  substrates  but  could  be  readily  removed 
from  the  gold  and  copper  substrates. 

Also  during  this  period,  work  continued  on  attempts  to  improve  ZnS  by  the 
addition  of  transition  metals  which  has  been  reported  to  harden  ZnS  and 
improve  thermal  stability.  Hardness  measurements  made  on  ZnS  containing  iron 
showed  that  initially  the  addition  of  iron  caused  an  increase  in  hardness. 


However,  larger  substitutions  of  iron  did  not  further  affect  the  hardness. 
Thermal  stability  measurements  showed  that  there  was  very  little  effect  on  the 
thermal  stability  as  iron  was  substituted  for  zinc  in  ZnS. 


Finally,  our  work  on  the  growth  and  characterization  of  La2Cu04  single  phase 
thin  films  from  a  source  solution  with  a  La:Cu  ratio  of  2:1.  Alcoholic 
solutions  of  lanthanum  copper  acetylacetonates  were  nebulized  and  pyrolized  in 
order  to  produce  the  films. 


From  1992  End  of  Year  Report 

Single  crystals  of  members  of  the  system  (ZnS) ^ _x (CuGaS2)x  (x  =  0,  0.053, 
0.103,  1.00)  were  grown  by  chemical  vapor  transport  using  iodine  as  the 
transport  agent.  The  IR  transmission  range  of  (ZnS) q. 947 (CuGaS2) 0 .053  and 
(ZnS)0  3g7(CuGaS2)Q  103  is  narrower  than  that  observed  for  pure  ZnS.  However 
these  materials  still  showed  good  transmission  in  the  long  wavelength  IR 
range.  The  addition  of  small  amounts  of  CuGaS2  increased  the  hardness  and 
thermal  stability  of  ZnS.  Therefore,  these  materials  might  be  useful  for  the 
development  of  IR  windows  in  the  long  wavelength  range. 

We  were  also  able  to  show  that  diamond  films  can  be  grown  on  stainless  steel 
if  a  silicon  buffer  layer  is  first  deposited  on  the  steel.  It  appears  that 
the  silicon  layer,  approximately  3500  A  thick  retards  graphite  formation  and 
allows  the  diamond  to  form.  The  silicon  layer  must  also  be  pre-scratched 
before  the  diamond  film  can  be  grown  successfully. 
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